Chloroform (also known as trichloromethane or methyltrichloride), is a colorless liquid with a pleasant, non-irritating odor.
Introduction
Chloroform is a colorless liquid with a pleasant, non-irritating odor and a slightly sweet taste. Chloroform is manufactured by hydrochlorination of methanol or by chlorination of methane (Xu and Weisel, 2005) .
Chloroform is well absorbed in animals and humans after oral administraMethods: This study was carried out in the laboratory of Analgesic and Narcotic Drugs Department in the National Organization for Drug Control and Research. The study population was composed of 52 subjects; 30 workers were exposed to chloroform (by inhalation and skin contact) and 22 matched unexposed females were included as control.
Every individual in the study was subjected to clinical examination and special questionnaire, investigation of liver and kidney functions (ALT, AST, ALK phosphatase, bilirubin, serum creatinine and blood urea). Serum malondialdehyde (MDA) was measured for assessment of lipid peroxidation, and chromosomal simple analysis study was done.
Results: As regards the significant clinical manifestations, sensory disturbances, skin manifestations (redness, itching and allergic dermatitis), and cardio-vascular manifestations (arrhythmia and syncope) were elicited in 50% of the exposed workers, and musculoskeletal manifestation were also found in the exposed group with statistically significant difference when compared to control.
Liver and kidney function parameters did not show statistically significant difference between the two groups, while serum MDA was statistically significantly higher in the exposed group (P<0.05). Chromosomal aberrations were significantly higher in the exposed subjects. However, correlations duration of work with MDA level, and with chromosomal aberrations, and MDA level with chromosomal aberrations were non-significant,
Conclusion:
Occupational exposure to chloroform as a main laboratory reagent, was associated with significant increase in lipid peroxidation indicated by increased level of a lipid peroxidation product, serum MDA, and was associated with increased chromosomal aberrations that did not correlate with the level of serum MDA or with duration of exposure. Hepatorenal function parameters were within normal, skin manifestation arrhythmia, and sensory manifestations are the most significant clinical effects.
tions, 60-80% of chloroform is absorbed after inhalation, dermal absorption is also a significant route. Distribution of chloroform occurs throughout the whole body.
Highest tissue levels are reached in the fat, blood, liver, kidneys, lungs, and nervous system (Erdinger et al. 2004 ).
Oxidative biotransformation of chloroform is catalyzed by the cytochrome P450 to produce trichloromethanol. Phosgene is The genotoxic potential of chloroform has been investigated in a number of studies both in vitro and in vivo. Although there were clearly positive results in a few genotoxicity assays, chloroform was more frequently found to be negative than positive in genotoxicity tests, and is considered as an epigenetic carcinogen by some scientists (Meek et al., 2002 ).
According to Harris and Groh (1985) , chloroform exerts its neurotoxic and respiratory effects through interaction with gangliosides in neuronal membranes and phospholipids in the surfactant monolayer of the lower respiratory tract. Beddowes et al. (2003) deduced that chloroform may induce an oxidative stress via depletion of glutathione GSH and other antioxidant defenses; lipid peroxidation follows with increase in lipid peroxidation products e.g. MDA (malondialdlehyde).
Aim of this study
This study was conducted to evaluate some of the health effects of chronic occupational exposure to chloroform, with special emphasis on hepatorenal, and cytogenetic effects. In addition this work was aimed to assess the possible effect of exposure to chloroform in causing oxidative stress and lipid peroxidation.
Subjects and methods

Subjects:
The study population was composed of 52 individuals divided into exposed and control groups. All the studied subjects were nonsmokers.
Methods:
Every individual in this study was subjected to the following:-1-Questionnaire:
A specially designed questionnaire including personal, occupational, medical and genetic history. Serum MDA was assayed using the standard technique described by (Stringer et al., 1989 ).
4-Cytogenetic analysis:-
The collected blood samples were kept in an upright position for two hours then cultured on a culture medium (RPM1 1640 gibco) + phytohaemoglutinin, supplemented with L-glutamine and fetal calf serum. Cultures were incubated at 37˚C for 72 hours. Colchicine was added 30 minutes prior to harvest to a final concentration of 0.1mg\ml. The cultures were centrifuged for 10 minutes and the supernatant fluid was discarded. Hypotonic solution was added to cultures and kept for 30 minutes at 37˚C. Then the cultures were centrifuged for 10 minutes and the supernatant fluid was discarded. The cultured cells were then washed by addition of a fixative solution (methanol: glacial acetic). The process of fixing cells was repeated for 3-4 times. After the last time of washing, part of the supernatant fluid was discarded and the rest was mixed with the ppt. Four to six drops are dropped on a cold wet slide and left to dry. The slides were stained for 5 minutes in 10% Gimsa stain in pH 6.8 (Verma and Babu, 1989) .
Statistical Analysis
Results were evaluated for each group. Data were compared using different tests according to the type of data. The unpaired student "t" test was used for comparing the means of both groups. The chi-square test was used to perform qualitative comparison between the different groups. The statistical significance was defined as P-value <0.05.
Computer based statistical package for social sciences (SPSS) for windows 9.1 program was used.
Results
Table (1) shows that the mean (±SD) age of the exposed group was 30.97 ± 6.03 years and that of the control group 31.68 ± 7.882, the mean (±SD) duration of work of the exposed group was 6.25 ± 4.433 years.
The frequency distribution of the most relevant clinical manifestations detected through the detailed history (present and occupational) and clinical examination is shown in table (2).
Sensory disturbances were found in 26.7% of the exposed group, skin manifestations (dermatitis -redness and allergic dermatitis) in 30% and cardiovascular manifestations (arrhythmia mainly) in 50% (9.1% of the control group). With regard to these clinical manifestations the differences between the exposed and the control groups were statistically significant.
Other manifestations (Headache, renal, respiratory and gastrointestinal) were higher in the exposed group compared to the controls but the difference was statistically insignificant.
The mean (±SD) of the kidney and liver function parameters are shown in table (3) . No statistically significant difference was found between both groups. Estimation of serum MDA showed that the mean (±SD) in the exposed group was 5.504 µ mol/L ± 1.61, versus 1.71 µ mol/L ± 0.68 in the control group and the difference was statistically significant.
Cytogenetic chromosomal study was performed for all subjects who participated in the study. The means of the aberrations were higher in the exposed versus the control subjects for all parameters, and the difference was statistically significant for gaps, isogaps, breaks and isobreaks.
Total aberrations in the exposed group were 13.4 ± 4.3 and in the control group were 4.4±2.1 and the difference was statistically significant (P<0.05).
Table (5) shows correlations between the duration of work versus MDA level and versus chromosomal aberrations. Also correlation between serum MDA and chromosomal aberrations is shown. All were non significant correlations (P>0.05). The mean (±SD) of the kidney and liver function parameters are shown in table (3) . No statistically significant difference was found between both groups. Estimation of serum MDA showed that the mean (±SD) in the exposed group was 5.504 µ mol/L ± 1.61, versus 1.71 µ mol/L ± 0.68 in the control group and the difference was statistically significant.
Table (5) shows correlations between the duration of work versus MDA level and versus chromosomal aberrations. Also correlation between serum MDA and chromosomal aberrations is shown. All were non significant correlations (P>0.05). 
Discussion
Most of the data regarding health effects of chloroform in humans were obtained from clinical reports describing health effects in patients under chloroform anesthesia or from experimental studies on animals.
Clinical reports indicate that the central nervous system, cardiovascular system, liver and kidneys are the target organs of chloroform toxicity after inhalation or oral exposure (Maffei et al., 2005) .
Respiratory and gastrointestinal effects have also been reported (Harris and Groh, 1985) . Studies, in animals, also indicated that chloroform exposure may induce reproductive and developmental effects and cause cancer (Dodds and King, 2001 ).
Chloroform toxicity can be attributed to the presence of the parent compound and the formation of phosgene metabolite, which reacts with molecules such as cysteine to deplete hepatic glutathione (Pohl et al., 1981) or form adducts with microsomal proteins (Corley et al., 1990) .
There are several possible mechanisms for chloroform toxicity, for example, neurotoxic and respiratory effects of chloroform may be attributed to the interaction with gangliosides in neuronal membranes (Harris and Groh, 1985) In addition, cytogenetic study was carried out to estimate the chromosomal aberrations.
Dermal effects of chloroform were reported as early as 1968 when Malten et al., observed the complete destruction of the stratum corneum in the skin of 2 young volunteers exposed to chloroform. Similar results were observed by King (1993) in his clinical study on 21 females and 21 males exposed to chloroform topically applied, the exposed subjects experienced a burning sensation in the skin.
In the current study skin manifestation (redness, drying, cracking, itching and allergic dermatitis) were reported in 30% of the exposed subjects which was statistically significant when compared with the control group.
According to Genium (1992) , chronic occupational dermal exposure to chloroform may cause redness, dryness and cracking of the skin.
Similar conclusion was reached by Xu and Weisel (2005).
Headache, and sensory manifestations were detected in 40% and 26.7% of the exposed group, respectively, versus 22.7% and 0% of the control group, with statistically significant difference for the sensory manifestations (P<0.05). These results are in agreement with Meldrum (1991) who, at chronic low-level occupational exposure to chloroform, reported a variety of minor complaints including headache, lassitude, depression and digestive disturbances.
In humans, neurological effects of inhalation exposure to chloroform are well documented because chloroform has been used as an anesthetic for surgery. Chloroform at high concentrations acts as a depressant of the CNS (Erdinger et al., 2004) . Chronic low-level occupational exposure to chloroform resulted in exhaustion, lack of concentration depression and irritability (Sitting, 1991) . Similar results were found by Li et al. (1993) who studied the health effects of chloroform on 61 workers exposed for 1-15 years to concentrations of chloroform ranging from 0.87 to 28.9 ppm.
Chloroform intoxication can lead to death caused by depression of the central nervous system, fatal arrhythmias, or respiratory arrest.
Several cases of fatal arrhythmia after intoxication with chloroform have been described, and the electrophysiological basis of the arrythmogenic potential of chloroform has been related to inactivation of the HERG potassium channels (Scholz et.al., 2006) .
In this study, 50% of the studied exposed subjects had cardio-vascular manifestations (mainly arrhythmia as bradycar-dia, syncopal attacks, extrasystoles) compared to 9% of the control subjects, the difference is statistically significant. In this study GIT symptoms (nauseadyspepsia -flatulence) were detected in 30% of the workers versus 9.1% in the controls but the difference was statistically insignificant. This was not in agreement with Phoon et al. (1983) who observed that nausea and vomiting were significantly observed in workers exposed to chloroform (14 -400 ppm for 1-6 months) and they related these manifestations to toxic hepatitis. Table ( 3) shows the results of some liver and kidney function parameters in both the exposed and control groups. All parameters showed no statistically significant differences between exposed and control groups. Chloroform-induced hepatic and renal toxicity are among the major toxic effects observed in both humans and animals after exposure to chloroform.
In contrast to our results Phoon et al. Also in agreement with our results are those of Brennan and Schiestle (1998) , who found, in addition, that the genotoxic potential is induced via oxidative free radical species as proven by the fact that the free radical scavenger N-acetyl cysteine reduced chloroform-induced genotoxicity and chromosomal recombination. Lu et al. (1999) mentioned that exposure to chloroform in experimental animals resulted in an increase in DNA breakage and he found that MDA levels were significantly increased in all studied animals and in all organs tested.
However, negative results for genotoxicity were reported by Lévesque et al. (2002) who studied the effect of chloroform used in the house hold. The difference may be attributed to differences in the purity of chloroform to which the studied groups were exposed, duration and frequency of exposure.
When correlating duration of work (exposure) with MDA level and chromosomal aberrations, the correlation was insignificant. Also correlation of MDA and total chromosomal aberrations was insignificant.
These results, although not expected, can be explained by the fact that there are many proposed mechanism for chloroform toxicity as stated by McCulloch in 2003:
1-Lack of direct in vivo or in vitro genotoxicity.
2-Cytotoxicity and compensatory cell proliferation in the affected organs.
3-Cytolethality leads to chronically stimulated cell proliferation and related events such as inflammation and growth stimulation. Consequently lipid peroxidation and glutathione depletion are not the only mechanisms for genotoxcity.
Also exposure to chemical agents and their toxic effects are dependent upon many factors as the time spent in the working environment, the concentration of the chemical and personal activities as well as personal general health, liver status and the use of personal protection (Faiola et al., 2004) .
